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WBAN NO. 93814

Variability of Latitude Fixed-Tilt Radiation
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LATITUDE: 39.07° N =, x
LONGITUDE: 84.67° W é +
ELEVATION: 271 meters S
MEAN PRESSURE: 986 millibars =
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STATION TYPE: Secondary 2
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?2/day), Uncertainty 9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 1.9 2.7 3.6 4.8 5% 6.2 6.0 3.5 4.5 33 2.1 1.6 4.0
Min/Max | 1.6/23 23/33 3.1/4.1 | 3.8/58 4.8/6.6 56/7.6 | 53/66 4960 4.0/52| 2840 17725 14/19 | 3.8/4.4
Latitide <15 Average 2.7 3.5 4.2 5.0 37 6.1 89 5.8 b8 | 4.2 2.8 2.3 4.5
Min/Max | 2.1/3.3 2.8/44 35/48 | 3.9/64 4.7/67 55/74| 52/6.6 35.1/64 4.4/6.1 | 33/53 20/3.8 1.8/3.0|4.2/49
Latitide Average 3| kB 4.3 5.0 54 5.6 a5 5.6 32 4.5 31 2.5 4.5
Min/Max | 2.3/3.8 29/49 3.5/50 | 3.8/6.3 44/63 51/6.8 | 4.8/6.1 48/62 44/6.2 | 35/57 2.1/42 1.9/34 | 42/49
Laftids-+15 Average 32 3.8 42 4.6 4.8 4.9 4.8 - | 4.9 4.5 k5 23 42
Min/Max | 24/4.1 29/52 34/49 | 3558 3956 44/58 | 4353 44/56 42/60| 35/58 2.1/45 2.0/3.7 | 3947
90 Average 29 2.3 Al 2.9 2.6 2.4 23 3.0 34 346 2.9 24 2.9
Min/Max | 2.0/3.9 2.5/4.8 25/3.6 | 2236 22029 23727| 2327 2633 284.1| 27/46 1740 1734|2732
~ Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty +9%
' Axis Tilt =) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2.6 3.6 47 6.1 7.2 ] 7.7 7.2 6.0 45 2T 2.1 o
Min/Max | 2.0/3.3 2847 3856|4580 5787 7.1102| 6588 6.1/81 5173 | 3557 1938 1628|4859
Latitida =15 Average 332 4.2 3.1 6.4 73 5 7.7 7.3 6.5 33 33 2.6 5.6
Min/Max | 2.4/4.1  3.1/5.6 4.1/62 | 4.6/8.5 5889 7.0/102| 6588 6.3/84 54/80 | 3.9/67 2.1/47 1.9/3.6 | 5.2/6.4
Latitudé Average 35 4.4 52 6.4 7l 7.6 7.4 7.3 6.5 54 x5 2.8 5.6
Min/Max | 2.5/4.5 32/59 4.2/63 | 4584 5586 67/98 | 62/85 62/83 S548.1| 40/7.0 2251 2039 |52/64
Latitude +15 Average 3.6 4.5 5.1 6.1 6.7 7.1 7.0 7.0 6.4 5.5 3.6 29 54
Min/Max | 2.6/47 3.3/61  4.1/62 | 4381 52/81 639.1 | 5880 5879 52/80| 4071 2353 2.1/42 | 5.0/6.2 |
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
2 A% Average 3.6 4.5 8.2 6.5 7.4 8.1 S T 6.0 55 3.6 3.0 58
ik Min/Max | 2.6/47 33/6.1 42/63 | 46/85 5890 7.2/104| 6.6/89 6.3/85 5481 | 4171 2353 2.1/42 | 53/66
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m2/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 1.9 2.2 2.3 28 32 3.6 35 53 3.1 29 1.9 1.6 2.7
Horiz Axis Min/Max | 1.2/2.8 1.2/3.4 1.5/3.1 | 1.3/43 2.04.6 2.9/57 | 25/44 25/43 2.1/43 1.8/4.1 0.8/32 0926 | 23/34
1-Axis, N-S | Average 1.4 20 2.6 3.6 4.3 4.8 4.6 44 37 2.9 15 1.1 3.1
Horiz Axis Min/Max | 0.9/2.1 LRf32 1635 | 1756 28/60 3914 | 3358 3387 2651 1.8/4.1 0.6/26 0.6/1.8 | 2.7/3.9
1-Axis, N-S | Average 2:1 2.6 3.0 38 4.2 45 4.4 45 42 3.6 2:1 157 34
Tilt=Latitude | Min/Max | 1.3/3.1 1.4/42 2.0/4.1 | 1.8/59 2.7/59 3.6/7.0 | 3.1/56 3.3/5.7 2.9/58 | 23/51 09737 09728 |29/43
5. hads Average 22 27 3.1 3.8 44 4.9 4.7 4.6 42 3.7 22 1.8 3.5
I Min/Max | 1.4/3.3 1.4/43 20/4.1 | 1.8/6.0 29/62 4.0/76 | 3.3/6.0 3.4/59 2958 | 23/52 1.0/3.9 1.0/3.0 | 3.0/4.5
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 2.2 -0.1 6.1 11.8 172 207 239 23:1 19.6 12.8 6.8 0.8 11.8
Daily Minimum Temp -6.9 -5.2 0.6 57 11.0 15.6 18.2 172 1%:7 6.8 1.8 3.7 6.2
Daily Maximum Temp 26 4.9 117 17.9 23.3 217.8 29.7 28.9 255 18.9 11.8 55 173
Record Minimum Temp | -31.7 =233 =233 -7.2 -2.8 5.0 8.9 6.7 17 -8.3 -16.7 -28.9 317
Record Maximum Temp | 20.0 22.8 28.3 Lk 32.8 38.3 38.9 383 36.1 30.6 26.7 23.9 38.9
HDD, Base 18.3°C 636 517 379 197 84 6 0 0 28 182 345 543 2916
CDD, Base 18.3°C 0 0 0 0 48 106 174 148 67 11 0 0 553
Relative Humidity (%) 72 70 67 63 67 69 72 72 73 69 71 T4 70
Wind Speed (m/s) 4.7 4.5 4.9 4.6 3.8 35 3.1 3.4 3.2 3.6 42 45 4.0

90



g
Variability of Latitude Fixed-Tilt Radiation m
8 ke

WBAN NO. 93820

LATITUDE: 38.03° N

Monthly Radiation (kWh/m?/day)

+ LONGITUDE: 84.60° W
ELEVATION: 301 meters
MEAN PRESSURE: 982 millibars
STATION TYPE: Secondary
1+
1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
0 Average 2.0 2.8 G 4.9 L8 6.2 6.0 5.5 4.4 34 22 17 4.1
Min/Max | 1723 2532 32/44 | 40/59 47/64 56/75| 49/64 50/61 40/51 | 2842 1826 1521|3844
Latide 15 Average 2.8 3.5 4.3 32 5.7 6.0 5.9 3 5.0 43 2.9 24 4.5
g Min/Max | 2.1/3.5 29/43 35/52 | 4.1/64 4.7/65 55/7.4 | 48/64 52/64 44/58 | 3.3/56 2.1/3.8 20/3.1 | 4.2/49
Liatitiids Average 2.1 38 4.4 5.1 54 5.6 >3 b e 4 | 4.6 B 2.7 4.5
Min/Max | 2.3/40 3.0/47 3.6/53 | 4.0/63 44f61 51/6.7 | 45/59 5062 44/6.0 | 3.560 22/43 2.1/3.6 | 42/49
Latitide +15 Average 33 38 4.3 4.7 48 4.8 4.8 5.0 4.8 4.6 3.4 29 43
. Min/Max | 2.3/43 3.0/49 34/52 | 3.7/59 39/54 44/58 | 40/52 4.6/56 4258 | 3.4/61 22/45 22/39 | 4.0/4.7
90 Average 2.9 3.2 gel 29 2% 2.4 24 2.9 15 oy 2.9 2.6 29
Min/Max | 2.0/4.1 25/43 2538 | 2.3/3.6 22/28 23/2.6| 2.1/26 2.6/32 28/39| 2.6/49 1.8/40 19/3.7 | 2.7/32
Solar Radiation for 1-Axis Tracking Flai-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 27 37 4.8 6.3 1.3 7.8 7.6 Tl 3.9 4.7 2.9 2.3 a3
Min/Max | 2.1/35 29/47 38/6.1 | 46/82 56/8.7 6.8/102| 5984 6483 51/72 | 34/64 2.0/39 1930 4.9/6.0
Latituds <15 Average 33 42 53 6.6 73 7.8 7.6 74 6.4 5.4 35 2.8 5.6
¥ | Min/Max | 2.4/44 32/54 4.1/67 | 48/86 5.6/88 6.8/10.1| 5.8/8.5 6.6/8.6 54/7.8 | 3.8/7.3 2.3/47 22/38 | 5.2/64
Tintitine Ayerage 3.3 4.4 54 6.5 71 7.5 73 T2 6.4 5.6 3.7 o | 5.7
Min/Max | 2.5/4.8 3.3/58 4.1/68 | 47/86 54/85 65/9.7| 5.6/8.1 64/85 54/79 | 4.0/7.7 24/51 24/42|52/64
Fatitida #15 Ayemge o 45 53 62 6.7 7.0 6.9 6.9 6.2 5.6 3.8 32 a5
4 Min/Max | 2.6/5.1 3.3/59 4.0/6.7 | 4583 50/80 6.0/9.1 | 52/7.6 6.1/81 52/7.8 | 3.9/7.8 24/53 24/44 | 5.1/63
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Bikai. Average 37 4.5 5.4 6.6 74 8.0 7.7 7.4 6.4 T 39 i 5.8
Min/Max | 2.6/5.1 3.4/59 4.1/6.8 | 4.8/8.7 37/89 6.9/104| 59/86 6.6/87 354/79 | 4.0/7.8 24/53 2545 |54/6.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day}, Uncertainty +8%
Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec | Year
1-Axis, E-W | Average 1.9 22 24 28 32 ) 3.4 53 29 3.0 2.0 1.7 2.7
Horiz Axis Min/Max | 1.1/32 1.3/33 14/35 | 14/44 2043 27/56 | 2.0/4.1 27/43 2039 1746 0932 1028 |24/34
1-Axis, N-§ | Average 1.5 2.0 2.8 3.8 43 4.7 4.5 43 3.6 3.0 1.7 13 3.1
Horiz Axis Min/Max | 0.9/24 1.2/3.1 1.6/42 | 1.8/5.8 2.7/59 35/74 | 2.7/54 35/57 2549 | 16/48 0727 08720 27/39
1-Axis, N-S | Average 21 2.6 32 39 4.2 44 42 44 4.0 38 23 1.8 3.4
Tilt=Laritude | Min/Max | 1.2/3.5 L340 1948 Lol 26h.T 3369 26/52 3558 285520500 1087 1.1/30):8.0M43
5. Axls Average 23 &7 3.2 4.0 4.4 4.7 4.5 4.5 4.0 3.8 24 2.0 3.6
x Min/Max | 1.3/38 1.6/42 1948 |20/62 27/60 3.6/75| 2856 3660 2855| 2.1/60 1139 12733 |3.1/44
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) -0.7 1.4 7.4 i 17.8 2.3 24.3 23 20.1 137 7.8 2 12,7
Daily Minimum Temp 5.3 -3.7 1.8 6.8 11.9 16.4 18.7 18.0 14.4 7.8 2.8 24 73
Daily Maximum Temp 39 6.4 129 18.6 2313 28.2 299 294 5.9 19.6 123 6.8 18.2
Record Minimum Temp | -29.4 -26.1 -18.9 -7.8 -3.3 39 8.3 5.6 [ -6.7 -194  -283 | -294
Record Maximum Temp | 24.4 24.4 283 1.1 333 38.3 394 39.4 39.4 328 28.3 23.9 394
HDD, Base 18.3°C 589 474 339 173 13 3 0 0 26 159 317 501 2657
CDD, Base 18.3°C 0 0 0 3 58 123 186 167 79 17 0 0 633
Relative Humidity (%) 73 71 66 63 68 69 72 73 79 69 72 74 70
Wind Speed (m/s) 44 44 47 44 A7 34 3.0 3.0 3.1 34 4.1 4.4 3.8
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WBAN NO. 93821

LATITUDE: 38.18° N
LONGITUDE: 85.73° W
ELEVATION: 149 meters

MEAN PRESSURE: 1000 millibars

Monthly Radiation (kWh/m?/day)

STATION TYPE: Secondary

1961-1990 Average
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Unceriainty +9%

Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year

0 Average 2,0 2.8 3.8 5.0 5.8 6.3 6.1 5.6 4.5 35 22 1.7 4.1
Min/Max | 1.7/23 25/34 3.1/44 | 42/58 5.1/68 57/78 | 51/6.7 5.1/61 4.0/5.1 2.§/4.1 1.8/2.7 1.5/2.1 | 3.9/4.6

Latthide - 15 Average 2.8 3.6 44 53 5.8 6.2 6.0 5.9 5.1 44 3.0 24 4.6
5 Min/Max | 2.1/3.3 3.1/46 3.4/52 | 44/63 5.1/6.8 5.5/7.6 | 5.0/6.6 53/6.5 44/58 | 34/53 22/38 1.9/33 | 43/5.1

Tattude Average b 3.9 4.5 52 3.5 5.7 5.6 <L 5.2 4.7 33 27 4.6
Min/Max | 2.3/3.8 32/5.1 35/54 | 42/62 48/64 5.1/69 | 46/6.1 351/63 44/59 | 3.5/57 23/43 2.0/3.8 | 4.3/52

Tatitade +15 Ayerage 33 4.0 4.4 48 4.9 49 4.9 51 5.0 4.7 34 29 4.4
Min/Max | 2.3/4.1 3.3/53 3.3/53 | 3958 42/57 44/6.0| 4.1/54 4.6/57 42/57 | 3.5/5.8 2.3/46 2.1/4.1 | 4.1/49

90 Average 3.0 34 32 3.0 2.6 24 2.5 2.9 34 B 29 2.6 3.0
Min/Max | 2.0/3.8 2.7/49 24/39 | 24/35 2328 23027 | 22/27 2.7/3.2 2839 | 2.7/46 1.9/4.1 1.8/3.8 | 2.8/3.3

Solar Radiation for 1-Axis Tracking Flat-Plate Colleciors with a North-South Axis (kWh/m?/day), Uncertainty £9%

Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

0 Average 2.7 3.8 49 6.4 7.4 8.0 7.8 73 6.0 4.7 29 2.3 54
Min/Max | 2.0/3.3 3.1/49 3.79/6.1 | 5.0/80 62/92 7.0/105| 62/89 6.5/82 5.0/70| 3.5/59 2.1/38 1:8/3.1 | 5.0/6.2

L atitude 1% Average 33 44 5.4 6.7 75 8.0 7.8 7.5 6.5 54 33 28 3.7
Min/Max | 2.4/4.1 3.5/5.8 4.0/6.7 | 5.2/84 6.3/94 7.0/104| 62/89 6.785 53/77| 40/68 2.4/47 2.1/39 | 5.3/6.7

Fattindia Average 3.6 4.6 53 6.6 iz 9 75 7.4 6.6 37 3.8 3.1 5.8
¢ Min/Max | 2.5/45 3.7/62 4.0/69 | 5.1/84 6.1/9.1 6.7/10.0| 6.0/8.6 6584 53/7.8 4 1)735 2552 2283 3367

Average 33 47 54 6.3 6.8 72 7.1 19 6.4 5.7 3.9 3.2 5.6

Latitude +15 | NriMax | 2547 3.7/64  3.9/6.8 | 4881 5786 6294 | 5681 6280 52/7.6 | 40772 2553 2.3/4.6 | 52/6.6

Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year

Average 3.8 47 5.5 6.7 7.6 8.2 8.0 7.6 6.6 5. 39 32 6.0

2-Axis Min/Max | 2.5/4.7 3.7/64 40/69 | 5285 63/95 7.1/107| 63/9.1 6786 54/78 | 4.1/73 25/54 2347 | 5.5/7.0

Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%

Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.0 24 25 3.0 34 37 35 34 & 3.0 21 1Y 2.8
Horiz Axis Min/Max | 1.0/2.8 1.5/33 1.4/36 | 1.6/43 23/49 27/59 | 2345 2743 22/40| 17/42 1.0/3.3  1.0/3.0 | 2.4/3.7
1-Axis, N-S | Average 1.5 23 2.8 3.8 4.4 49 4.7 4.5 30 3.0 153 1.2 3
Horiz Axis Min/Max | 0.8/2.1 14/3.1 1.6/42|2.1/56 30/65 3.6/78 | 3.1/59 3.655 2649 | L7/43 0827 0720 | 2.8/42
1-Axis, N-S | Average 22 2.9 33 4.0 4.3 4.6 44 45 4.1 38 23 1.9 3.5
Tilt=Latitude | Min/Max | 1.1/3.1 1.9/4.1 1.9/4.8 | 23/59 29/63 34/73 | 29/57 3.6/56 29/54 | 2.1/53 11/38 1.1/3.1] 3.0/4.6
oL ATk Average 23 oL 3 4.1 4.6 49 4.8 47 42 3.8 25 2.0 37

M_in/Max 1.2/33 1.9/42 19148 | 23/60 3.1/6.7 37/79 | 32/6.1 3.7/58 29/54| 22/54 12/40 1234 32,;‘4.8

Average Climatic Conditions

| Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -0.2 3 7.9 135 18.5 229 25.1 24.3 20.8 14.2 8.4 25 13.4
Daily Minimum Temp 4.9 -3.1 23 7.4 12.6 17.2 19.6 18.8 14.8 T4 29 -1.9 7.8
Daily Maximum Temp 4.6 | 55 19.6 24.4 28.6 30.6 29.8 26.8 20.7 13.8 73 18.9
Record Minimum Temp | -28.9 -28.3 -18.3 -5.6 -0.6 5.6 10.0 7.8 0.6 5.0 -183  -26.1 | -289
Record Maximum Temp | 25.0 25.0 30.0 32.8 35.0 389 40.6 38.3 40.0 333 28.9 244 40.6
HDD, Base 18.3°C 573 456 322 152 58 3 Q 0 20 141 298 484 2508
CDD, Base 18.3°C 0 0 0 7 64 140 210 186 95 14 0 0 716
Relative Humidity (%) 69 68 64 61 67 69 71 72 73 70 69 70 69
Wind Speed (m/s) 42 42 4.5 4.3 3.6 34 3.0 3.0 3.0 33 39 42 3
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